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C BY-NC-Abstract The virulence of ﬁve fungal strains,Acremonium cephalosporium,Aspergillus niger,Penicil-
lium chrysogenum,Trichoderma viride, andVerticillum albo-atrum by application of 108 conidia mL1
to larvae and adults of house ﬂies, Musca domestica was determined. A. niger produced the highest
percentage of mortality to larvae, 85.1 ± 1.60, and adults, 98.2 ± 3.10, of house ﬂies. Topical appli-
cation of the fungal strains to larvae showed concentration-dependent response and caused mortality
ranged between 41% and 83%with LT50 values varying between 5.22 and 7.81 days. The highest per-
centage of mortality, 83.9 ± 3.52, was produced by 107 conidia mL1 ofA. nigerwith LT50 5.22. The
lowest mortality percentage, 41.2 ± 3.00 with LT50 7.81, was produced by 10
5 conidia mL1 of V.
alboatrum. On the other hand, the highest percentage of mortality to adults of house ﬂies,
97.3 ± 3.52, was produced by 107 conidia mL1 ofA. nigerwith LT50 3.49.While the lowestmortality
percentage, 59.1 ± 2.38 with LT50 6.91, was produced by 10
5 conidia mL1 of V. albo-atrum.
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The house ﬂy; Musca domestica L., is one of the most impor-
tant and cosmopolitan insect pests, from both a medical and
social standpoint (Axtell and Arends, 1990). It can affect, helmy26_2000@yahoo.com
y. Production and hosting by
Saud University.
lsevier
ND license.livestock performance, cause irritation to human beings and
possesses considerable potential for the mechanical transmis-
sion of 100 pathogens on human beings. The development of
resistance to pesticides by the house ﬂy has increased the will-
ingness of those involved in their production to seek alterna-
tive methods for ﬂy management (Kaufman et al., 2005).
On the other hand, the use of entomopathogenic fungi in the
area of ﬂy management has generated attention. Numerous
studies are available documenting the attempted use of
entomopathogenic fungi against house ﬂy under laboratory
and ﬁeld conditions including Entomophthoramusca (Cohn)
Fresenius (Mullens, 1986; Geden et al., 1993), Beauveria bassi-
ana (Bals.) Vuill (Barson et al., 1994; Geden etal., 1995; Watson
et al., 1995, 1996; Lecouna et al., 2005; Kaufman et al., 2005).
However, isolates of fungi vary in their virulence to a given
insect host but what factors contribute to this variation often
98 E.M. Al-Olayanremain unclear (Anderson et al., 2011). The differences in iso-
late virulence may be attributed to the position of the pheno-
type of a particular isolate occupies on a continuum between
two main strategies; an isolate may produce a large amount
of toxins or may focus their energy into vegetative growth.
The objectives of the present study were ﬁrstly, to evaluate
the efﬁcacy of 5 fungal species against the adults of house ﬂy
and secondly, to compare between the efﬁciency of the patho-
genicity of those fungi for control house ﬂy.
2. Materials and methods
2.1. House ﬂies
The house ﬂies were collected from a poultry house using sweep-
ing net and were transferred to the laboratory where they were
reared at 27 C and 50 ± 5%RHwith a 12:12 light:dark photo-
period. Adults were maintained in cages (40 · 40 · 40 cm3) cov-
ered by gauze. Adult ﬂies were provided access to food,
consisting of a 1:1 ration of powderedmilk and granulated sugar,
and water with replenished every 24–48 h. Larval medium com-
prised of 55 g wheat bran, 3 g date extract and 2 g dried alfalfa
suspended in 140 mL water. One cup (250 mL) of this medium
was left in each cage for oviposition by adults and subsequent
development of larvae. The food was replaced every 24–48 h.
2.2. Fungal isolates
Five isolates of mitosporic Ascomycete fungi; namely, Acremo-
nium cephalosporium, Aspergillus niger, Penicillium chrysoge-
num, Trichoderma viride, and Verticillum albo-atrum were
used in this study. The fungi were obtained from the Regional
Center for Mycology and Biotechnology (RCMB), Al-Azhar
University, Cairo, Egypt. The fungi were cultured on Sabou-
rad dextrose agar (SDA) (Oxoid, UK) in 9 cm diameter Petri
dishes and incubated at 27 C for 10 days. The sporulating cul-
tures were harvested by scraping the dry conidia from the sur-
face of the culture plate with a scalpel and transferred to sterile
distilled water containing 0.01% Tween-80. The concentration
of the suspension was determined using a hemocytometer (Butt
and Goettel, 2007).
2.3. Fungal viability
For each experiment, conidia viability was determined by enu-
merating the percentage of germinated conidia, 24 h after
spreading on SDA medium. A 0.01 mL of conidial suspension
(107 conidia mL1) was spread on 9 cm Petri dish containing
15 mL of SDAmedium and incubated at 27 C for 24 h for ger-
mination (formation of distinct germ tube). Percentage germina-
tion was determined by ﬁrst placing three 15 mm square cover
slips directly on to the surface of the medium and counting the
number of germinated conidia and total number of conidia per
ﬁeld of view at 200· magniﬁcation. Three to four ﬁelds of view
were observed per cover-slip (Quesada-Moraga et al., 2006).2.4. Screening of fungal isolates virulence
An aqueous suspension of each fungal strain was prepared and
the concentration was adjusted to 108 conidia mL1, in steriledistilledwater. For testing the virulence of the fungi on the larval
stage of M. domestica, groups of 25 larvae were immersed in
conidial suspension for 10 s and were then placed on damp ﬁlter
paper kept in a white disposable plastic container (100 mL vol-
ume). Containers were sealed with lids. The control larvae were
dipped in 0.01% Tween-80 solution. Each treatment was repli-
cated three times. Each group of larvae was transferred after
24 h to the container with 70 g of larval medium. The tops of
the dishes were covered with gauze and incubated at 27 C with
photoperiod 12:12 (light:dark). Emerged adults were recorded
as the rate of survival and subsequently the rate of mortality
was calculated.
For testing the effect of fungal isolates on adults, 3–4 day
adultswere anesthetizedwithCO2 andbatches of 25were dipped
in a suspension containing 108 conidia mL1 for 10 s and then
placed on a piece of ﬁlter paper in small cages
(20 · 20 · 20 cm). Theywere providedwith sugar and powdered
milk as solid medium and water. Cages were kept at 27 C with
photoperiod 12:12 (light:dark). The control ﬂies were treated
with 0.01%solution ofTween-80.All treatmentswere replicated
three times. Mortality was recorded for 7 days at 24 h intervals.
2.5. Larval treatment
Suspensions of the most virulent fungal strains were prepared
and serially diluted to give 107, 106, and 105 conidia mL1.
Groups of 25 larvae were immersed simultaneously for 10 s
in the conidial suspension and each group placed on damp ﬁl-
ter paper in a white disposable plastic container. Control lar-
vae were dipped in 0.01% Tween-80 solution. Larvae were
transferred to the larval medium after 24 h. there were three
replicates per treatment. All containers were incubated at
27 C with photoperiod 12:12 (light:dark). Mortality was re-
corded after treatment at intervals of 24 h until pupation oc-
curred. Dead larva and pupa were held to monitor fungi-
induced mortality. Externally sporulated cadavers were re-
corded as dead due to fungal infection.
2.6. Adult treatment
Four doses of conidia from the fungal strains were tested on co-
horts of twenty ﬁve 2–3 days old, feeding male and female ﬂies
housed in small cages (20 · 20 · 20 cm). Each cage contained
a 9 cm diameter Petri dish lined with Whatman ﬁlter paper
and 10 g bait (6 g sugar, 2 g powder milk and 2 mL distilled
water). For better dispersion of fungus, 1 mL of the stock sus-
pension of the fungal strains under test was dispersed on the sur-
face of bait to give doses 1 · 107, 1 · 106, and 1 · 105 conidia g
1. The treated baits were left in the cages for 48 h before being
removed and replaced with dry bait, water was provided ad lib.
The experiments were run in a completely randomized design
with three replicates per treatment. Cages were checked daily
over a period of 7 days following presentation of fungus. Cadav-
erswere removed daily and surface sterilized and transferred to a
sterile Petri dish with a damp ﬁlter paper. Sporulating cadavers
were recorded as mortality due to fungal infections.
3. Data analysis
Three mortality counts of between 10% and 90% were
obtained for each experiment. However, experimental tests
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carded and repeated. When the control mortality ranged from
5% to 20%, the observed percentage of mortality (% M) was
corrected by Abbott’s formula (1925):
%M ¼ % test mortality% control mortality
100% control mortality X100
The mean lethal time (LT50) required killing one-half of the
larvae and adults was estimated using probit analysis of SAS
software (SAS, 1998).
4. Results and discussion
Preliminary screening of ﬁve fungal strains by the application
of 108 conidia mL1 to both larvae and adults of house ﬂies
showed that theA. niger was the most virulent strain for larvae
and adults and produced mortality rates 85.1 ± 1.60 and
98.2 ± 3.10, respectively (Table 1). However, T. viride pro-
duced mortality rates 82.8 ± 4.10 and 83.5 ± 1.97 and V.Table 1 Mortality of Acremonium cephalosporium, Aspergillus
niger, Penicillium chrysogenum, Trichoderma viride, and Vertic-
illum albo-atrum to larvae and adults of Musca domestica after
exposure to a suspension of 108 conidia mL1.
Fungal species Mortality (%) ± SE
Larvae Adults
Acremonium cephalosporium 28.0 ± 2.00 29.7 ± 2.76
Aspergillus niger 85.1 ± 1.60 98.2 ± 3.10
Penicillium chrysogenum 24.3 ± 2.20 27.6 ± 2.65
Trichoderma viride 82.8 ± 4.10 83.5 ± 1.97
Verticillum albo-atrum 73.6 ± 1.48 77.9 ± 2.08
Table 3 Effect of Aspergillus niger, Trichoderma viride, and Vertici
Fungal species Dose (conidia mL1)
Aspergillus niger 105
106
107
Trichoderma viride 105
106
107
Verticillum albo-atrum 105
106
107
Table 2 Effect of Aspergillus niger, Trichoderma viride, and Vertici
Fungal species Dose (conidia mL1)
Aspergillus niger 105
106
107
Trichoderma viride 105
106
107
Verticillum albo-atrum 105
106
107albo-atrum 73.6 ± 1.48 and 77.9 ± 2.08 to larvae and adults,
respectively. On the other hand, P. chrysogenum and A. ceph-
alosporium produced the lowest mortality to larvae and adults;
24.3 ± 2.20 and 27.6 ± 2.65 and 28.0 ± 2.00 and 29.7 ± 2.76,
respectively.
The most virulent fungal strains; A. niger, T. viride, and V.
albo-atrum were selected for further investigations. Three
doses; 105, 106, and 107 of conidia mL1 for each fungal strain
were prepared. The virulence of all fungal doses to larvae and
adults of M. domestica were determined (Tables 2 and 3). The
highest mortality to the larvae of M. domestica was produced
by A. niger (Table 2). However, V. albo-atrum produced mor-
tality to larvae higher thanT. viride. Topical application of the
fungal strains to larvae showed concentration-dependent re-
sponse and caused mortality ranged between 41% and 83%
with LT50 values varying between 5.22 (4.03–6.67) and 7.81
(5.90–8.14) days (Table 2). The highest percentage of mortal-
ity, 83.9 ± 3.52, was produced by 107 conidia mL1 ofA. niger
with LT50 5.22 (4.03–6.67). The lowest mortality percentage,
41.2 ± 3.00 with LT50 7.81 (5.90–8.14), was produced by 10
5
conidia mL1 of V. albo-atrum.
The results revealed that the percentage of mortality to lar-
vae and LT50 of the investigated fungal strains were dependent
on the concentration of conidia mL1. The increase in conidia
concentration increased the percentage of mortality and de-
creased the LT50 values (Table 2). Steinkraus et al. (1990) men-
tioned that 35–52% of mortality in third instars larvae of the
house ﬂy was produced by B. bassiana and Watson et al.
(1995) obtained mortality rates between 48–56% in the second
instar with high doses (1010 conidia mL1) while rates were
negligible with lower doses.
On the other hand, the highest mortality to adults of M.
domestica was produced byA. niger (Table 3). However, unlike
larvae, T. viride produced mortality to larvae higher than V.llum albo-atrum on mortality of adults of Musca domestica.
Mortality (%) LT50 (CI)
71.1 ± 1.00 4.15 (3.89–5.02)
84.6 ± 1.90 3.87(3.55–4.37)
97.3 ± 1.15 3.49 (3.40–3.58)
65.4 ± 1.35 6.83 (5.52–7.37)
73.7 ± 2.10 6.36 (5.75–7.89)
89.0 ± 3.57 5.52 (4.71–6.96)
59.1 ± 2.38 6.91 (6.26–8.23)
70.8 ± 2.65 6.41 (5.12–7.12)
81.1 ± 1.60 5.67 (4.75–7.23)
llum albo-atrum on mortality of larvae of Musca domestica.
Mortality (%) LT50 (CI)
53.2 ± 3.42 6.58 (6.10–7.41)
67.5 ± 3.80 6.23 (4.96–7.03)
83.9 ± 3.52 5.22 (4.03–6.67)
49.2 ± 2.56 7.33 (5.67–8.23)
60.4 ± 2.83 6.47 (5.76–7.11)
69.0 ± 4.10 5.46 (4.53–6.65)
41.2 ± 3.00 7.81 (5.90–8.14)
55.1 ± 3.42 6.28 (5.65–7.13)
78.2 ± 4.43 5.91 (4.56–6.12)
100 E.M. Al-Olayanalbo-atrum. Baiting application of fungus to adults showed con-
centration-dependent response and causedmortality ranged be-
tween 59% and 97% with LT50 values varying between 3.49
(3.40–3.58) and 6.91 (6.26–8.23) days (Table 3). The highest
percentage of mortality, 97.3 ± 3.52, was produced by 107 con-
idia mL1 of A. niger with LT50 3.49 (3.40–3.58). The lowest
mortality percentage, 59.1 ± 2.38 with LT50 6.91 (6.26–8.23),
was produced by 105 conidia mL1 of V. albo-atrum (Table
3). The percentage of mortality produced to adults and LT50
of the investigated fungal strains were dependent on the con-
centration of conidia mL1. The increase in conidia concentra-
tion increased the percentage of mortality and decreased the
LT50 values (Table 3).
Similar results were obtained by Lecouna et al. (2005) which
reported that only 5 out of 19 fungal species produced mortality
rates exceeded 85% to adult house ﬂy at 3 · 108 conidia/10 g
sugar. Geden et al. (1995) found that baits containing 108 con-
idia/100 mg of two B. bassiana strains killed 78–88% of the
adult house ﬂy 5 days after exposure and 100% after 6 days.
Despite that a 5–6 days interval between treatment and death
is long compared with the rapid control that can be achieved
with chemical insecticides, this long period may be acceptable
to producers where ﬂies have become resistant to such chemi-
cals that they can no longer be used as control agents.
The results of the current study revealed that the fungi such
asA. niger,T. viride, andV. albo-atrum are effective for the con-
trol of the house ﬂy,M. domestica and could be used as biolog-
ical control agents. Similar results were previously reported by
many researchers (Mullens, 1986; Geden et al., 1993, 1995; Bar-
son et al., 1994; Watson et al., 1995, 1996; Renn et al., 1999;
Kaufman et al., 2005; Lecouna et al., 2005; Mwamburi et al.,
2010; Shariﬁfard et al., 2011a,b).Acknowledgments
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